T wo events occurring early in the post-transplantation period, acute rejection and delayed graft function, negatively affect graft survival. [1] [2] [3] Patients with delayed graft function have an increased risk of acute rejection, and graft survival is superior in patients who do not have delayed graft function or acute rejection as compared with those who have either or both. [4] [5] [6] [7] The up-regulation of immunogenic molecules during brain death and during the subsequent procurement of organs predisposes allografts from deceased donors to acute rejection and delayed function. Induction therapy is specific therapy given at the time of transplantation to lower the incidence of acute rejection or to prevent or treat delayed graft function. Currently, almost 70% of kidney-transplant recipients receive induction therapy with either rabbit antithymocyte globulin (Thymoglobulin, Genzyme), a lymphocyte-depleting polyclonal antibody that targets multiple immunologic epitopes, [8] [9] [10] [11] [12] or basiliximab (Simulect, Novartis Pharmaceuticals) or daclizumab (Zenapax, Roche Pharmaceuticals), non-lymphocytedepleting monoclonal antibodies that target the interleukin-2 receptor. 13 Historically, rabbit antithymocyte globulin has been administered intravenously daily for 7 to 14 days after transplantation. Initiating this treatment during transplantation is generally associated with a lower incidence of delayed graft function and a trend toward a lower incidence of acute rejection. 14,15 Short courses and prolonged courses appear to have similar efficacy. 16 Basiliximab, the most commonly used interleukin-2 receptor antagonist, 13 is administered both intraoperatively and on postoperative day 4. We compared the safety and efficacy of basiliximab and antithymocyte globulin (each administered intraoperatively and over the next 4 days) in patients with a high risk of acute rejection or delayed graft function who received a renal allograft from a deceased donor.
Me thods study Design
This prospective, randomized, international study was designed to compare the safety and efficacy of rabbit antithymocyte globulin and of basiliximab for induction therapy in patients who were at high risk for acute rejection or delayed graft function and who received a renal transplant from a deceased donor. The design, data collection, and analysis were performed by a sponsor, Genzyme, which holds the primary data. All the authors reviewed the data, vouch for the veracity and completeness of the data and data analyses, and wrote the manuscript.
The study was approved by the institutional review board at each site, and written informed consent was obtained from all patients. All patients were randomly assigned to receive either antithymocyte globulin or basiliximab before transplantation, according to 1:1 variable-block randomization at each investigative center. The treatment assignments were randomized at an independent center. Patients were followed for 12 months or until they were withdrawn from the study or were lost to follow-up (Fig. 1 ).
Inclusion and Exclusion Criteria
Only adult candidates for renal transplants from deceased donors were considered for enrollment. Eligibility was determined according to the duration of cold ischemia and other donor and recipient risk factors (Table 1) . One or more of these factors, which put the recipient at high risk for acute rejection or delayed graft function, were required for eligibility.
Patients were excluded if they had been receiving immunosuppressive therapy before transplantation; had received an investigational medication within the past 30 days; had a known contraindication to the administration of antithymocyte globulin or basiliximab; were suspected or known to have an infection or were seropositive for hepatitis B surface antigen (HBsAg), antibody against hepatitis B core antigen (anti-HBcAg), hepatitis C virus (HCV), or human immunodeficiency virus (HIV); or had had cancer (except nonmelanoma skin cancer) within the previous 2 years. Pregnant women, nursing mothers, and women of childbearing potential who were not using condoms or oral contraceptives were excluded.
Induction Therapy
Patients in the antithymocyte globulin group were given acetaminophen and diphenhydramine before receiving antithymocyte globulin (1.5 mg per kilogram of body weight given intravenously), which was reconstituted according to the package insert. Treatment with antithymocyte globulin was initiated intraoperatively, before graft reperfusion. Subsequent doses were given daily through day 4, for a total dose of 7.5 mg per kilogram. The dose was decreased by 50% in patients with platelet counts of less than 80,000 per cubic millimeter or an absolute neutrophil count of less than 3000 per cubic millimeter. If the platelet count was less than 50,000 per cubic millimeter or the absolute neutrophil count was less than 1500 per cubic millimeter, then antithymocyte globulin was withheld. Basiliximab (20 mg) was administered intravenously according to the instructions of the manufacturer, which called for a first infusion before graft reperfusion, followed by a second infusion on day 4. Neither premedication nor dose adjustments were recommended by the manufacturer. According to the protocol, either antithymocyte globulin or basiliximab could be discontinued or interrupted if the patient refused to take it or if a serious adverse event that was severe and related to infusion occurred.
Maintenance Therapy
Both groups received maintenance immunosuppressive therapy involving cyclosporine (modified), mycophenolate mofetil, and prednisone. The first dose of cyclosporine (6 to 8 mg per kilogram given orally, divided into two doses) was initiated in each patient when any of the following events took place: urinary output reached or exceeded 1.5 liters per day for 2 consecutive days; the serum creatinine level was 3.0 mg per deciliter (265 μmol per liter) or less on 2 consecutive days; or the serum creatinine level decreased to less than 50% of the pretransplantation level. If treatment with cyclosporine had not been initiated before day 4, the drug was begun then, since it was prespecified that the cyclosporine level in each patient had to reach the therapeutic range (defined according to local institutional standards) by day 10.
Treatment with mycophenolate mofetil (1.0 g given orally twice a day) was initiated before transplantation and was continued postoperatively once the patient could tolerate oral medications. The dose was adjusted by the investigators at their discretion, and the dose was reduced or the drug withheld if the absolute neutrophil count was less than 3500 per cubic millimeter. Methylprednisolone (7 mg per kilogram given intravenously) was administered before the initial intraoperative dose of antithymocyte globulin or basiliximab. A standard corticosteroid taper was used to reduce the dose of prednisone or its equivalent to 5 mg by 6 months (see the Supplementary Appendix, available with the full text of this article at www.nejm.org). The taper schedule and corticosteroid dose were adjusted at the discretion of the investigator if biopsy-proven acute rejection occurred.
Concomitant Therapy
Patients who received basiliximab were not permitted to receive rabbit antithymocyte globulin, except for the treatment of biopsy-proven acute rejection. Primary immunosuppressive therapy with tacrolimus, azathioprine, sirolimus, or other agents was prohibited. However, a switch to other immunosuppressive therapy was permitted after a documented episode of rejection. Patients with severe gastrointestinal intolerance to mycophenolate mofetil could be given azathioprine instead.
Prophylaxis against Infection
Patients who were seropositive for cytomegalovirus (CMV) before transplantation and patients who received an organ from a donor who was seropositive for CMV received ganciclovir (orally or intravenously) for at least 14 days, beginning on day 1, followed by maintenance therapy with oral ganciclovir through day 90. Each investigator determined the dose on the basis of standard criteria. Antifungal and antibacterial medications were administered on the basis of the standards at each center. 
Efficacy End Points
The primary efficacy end point was a composite of the first occurrence of biopsy-proven acute rejection, delayed graft function, graft loss, or death; the incidence of each of these end points was also studied. All episodes of acute rejection were confirmed by biopsy, with histologic characteristics described according to the Banff criteria with the use of microscopy. 17 Delayed graft function was defined as the need for dialysis within the first week after transplantation. Slow graft function was defined as a serum creatinine level exceeding 3.0 mg per deciliter on day 5 that did not require treatment with dialysis. 6
Clinical Assessment
Demographic and baseline data included the age, sex, and race or ethnic group of the donor and recipient, the weight and height of the recipient, the cold-ischemia time, the panel-reactive antibody value before transplantation and at its peak, the CMV serostatus of the donor, and the presence or absence of a heartbeat in the donor. Laboratory data -including hemoglobin level, white-cell and platelet counts, cyclosporine trough level, and serum creatinine level -were measured at baseline, days 0 through 5, day 14, and months 1, 2, 3, 6, 9, and 12. Thrombocytopenia was defined as a platelet count of less than 80,000 per cubic millimeter; leukopenia was defined as a white-cell count of less than 2500 per cubic millimeter. Safety data included all adverse events and serious adverse events. Frequencies of infection, cancer, and CMV disease were also calculated.
Statistical Analysis
We calculated that 240 patients would have to be enrolled for the study to have a statistical power of 80% to detect a significant difference between the two groups, with the use of a two-sided test and a significance level of 5%, given an incidence of the primary end point of 27.0% with antithymocyte globulin and 45.3% with basiliximab. 18 The study design included an interim assessment and the subsequent readjustment of enrollment to 340 patients, because the interim differences between the two groups (particularly with regard to delayed graft function) were smaller than expected. 19 The data and safety monitoring committee recommended the discontinuation of the study after 278 patients had been enrolled. This decision was made because of the statistical improbability of showing a change in the primary end point if more patients were enrolled. All analyses were performed on the basis of the intention-to-treat principle. Categorical variables were summarized as counts and percentages, and continuous variables as means with standard deviations. Categorical data were compared with the use of Fisher's exact test, and continuous variables with the use of the Wilcoxon-MannWhitney test or the t-test. The incidences of graft rejection, graft loss, and death were calculated with the use of survival-analysis techniques. All tests were two-tailed, and a P value of less than 0.05 was considered to indicate statistical significance.
R esults

Characteristics of the patients
Eleven European centers enrolled 95 patients and 17 U.S. centers enrolled 183 patients between May 2, 2000, and March 6, 2002. Of these 278 patients, 141 were randomly assigned to receive antithymocyte globulin and 137 were randomly assigned to receive basiliximab. The baseline and demographic characteristics of the two groups were similar (Table 2 ). The mean (±SD) numbers of risk factors for acute rejection or delayed graft 
Induction and Maintenance Therapies
Basiliximab was initiated intraoperatively in 96.7% of all patients who were assigned to receive it, and 96.4% received the intended two doses. The average total dose of basiliximab was 39.3±3.8 mg per patient (0.54±0.13 mg per kilogram). Rabbit antithymocyte globulin was initiated before reperfusion in 87.9% of all patients assigned to receive it, and 68.8% received the intended five doses. One patient (0.7%) received six doses, and another (0.7%) received seven doses. At least four doses were administered in 87.2% of patients. The major reasons for stopping or reducing the antithymocyte globulin dose were leukopenia (in 45.2% of patients), thrombocytopenia (11.9% of patients), or both (14.3% of patients). These conditions resolved by day 14, on average (Fig. 2) . The incidences of acute rejection, infection, and cancer did not differ significantly according to whether patients received full or reduced doses of antithymocyte globulin. The average total dose of antithymocyte globulin was 474.2±147.5 mg (6.5±1.5 mg per kilogram), and the minimum and maximum doses were 1.3 mg per kilogram and 9.8 mg per kilogram, respectively. Graft loss less than 24 hours after transplantation was the reason that 3.6% of patients did not receive the second dose. The use of maintenance immunosuppressive therapy in the two groups was generally similar. However, at 12 months, more patients in the antithymocyte globulin group than in the basiliximab group were receiving mycophenolate mofetil (20.2% vs. 10.3%, P = 0.05).
Efficacy End Points
At 12 months, the incidence of the primary end point did not differ significantly between the antithymocyte globulin group (50.4%) and the basiliximab group (56.2%, P = 0.34) ( Table 3) . There were fewer patients with biopsy-proven acute rejection in the antithymocyte globulin group than in the basiliximab group (15.6% vs. 25.5%, P = 0.02) ( Table 3 ). The incidence of acute rejection tended to be lower among blacks and nonblacks receiving antithymocyte globulin than among those receiving basiliximab. The incidence did not differ significantly between blacks and nonblacks in both groups combined (P = 0.14). The incidence also did not differ significantly between patients (in both groups combined) in the United States and those in Europe (P = 0.28). There were no episodes of rejection with a Banff grade of III (a severe episode of rejection consisting of marked arteritis involving the intima or transmural arteritis with fibrinoid deposits and necrosis of the medial smooth muscle cells). Severe rejection, as indicated by the need for antibody treatment, was less frequent among patients receiving antithymocyte globulin than among those receiving basiliximab (1.4% vs. 8.0%, P = 0.005).
The incidence of delayed graft function was similar in the antithymocyte globulin group (40.4%) and the basiliximab group (44.5%, P = 0.54), as was the incidence of slow graft function (23.4% and 26.3%, respectively; P = 0.49). The mean number of hemodialysis treatments was similar in the antithymocyte globulin group and the basiliximab group (3.2±3.0 and 3.1±2.9, respectively; P = 0.62). The incidence of graft loss was also similar among patients receiving antithymocyte globulin (9.2%) and those receiving basiliximab (10.2%), as were the incidences of death (4.3% and 4.4%, respectively) and the causes of graft loss and death.
Safety
The two agents were associated with a similar overall incidence of adverse events and serious adverse events (Table 4) . Immediately after transplantation, leukopenia and thrombocytopenia were more common among patients who received antithymocyte globulin than among those who received basiliximab (P<0.001). By day 14, there were no significant differences noted (Fig. 2) .
Overall, the incidence of infection was higher in the antithymocyte globulin group than in the basiliximab group (85.8% vs. 75.2%, P = 0.03). This difference appeared to be attributable to a greater frequency of urinary tract infections in the antithymocyte globulin group (39.0%, vs. 27.0% in the basiliximab group; P = 0.04) and non-CMV viral infections (21.3% vs. 11.7%, P = 0.04). The incidence of CMV disease was lower in the antithy-mocyte globulin group than in the basiliximab group (7.8% vs. 17.5%, P = 0.02). Antibiotic prophylaxis was administered according to each center's protocol, and it was used in fewer patients receiving antithymocyte globulin than patients receiving basiliximab (18.9% vs. 30.9%, P = 0.03).
There were no significant differences between the two groups in the incidence of cancer, including post-transplantation lymphoproliferative disease, though there were five cases of cancer in the antithymocyte globulin group and only one in the basiliximab group (Table 4 pear to have been successfully treated, and none were fatal during follow-up. Hemoglobin levels between the groups did not differ significantly at any point during the study. At 12 months, the mean, median, and range of the serum creatinine levels were 2.0±1.45, 1.7, and 0.7 to 12.0 mg per deciliter (177±128, 150, and 62 to 1061 mmol per liter), respectively, in the antithymocyte globulin group and 1.8±0.75, 1.7, and 0.8 to 6.6 mg per deciliter (159±66, 150, and 71 to 583 mmol per liter), respectively, in the basiliximab group. These measures did not differ significantly between the two groups (P = 0.51).
Discussion
In our trial, immunoprophylaxis with antithymocyte globulin, as compared with basiliximab, did not reduce the incidence of delayed graft function among patients at high risk for delayed graft function or acute rejection who received a renal transplant from a deceased donor. It is possible that the injury associated with prolonged cold ischemia and an advanced age of the donor or recipient were too great to prevent delayed graft function. A possible alternative explanation is the finding that the use of an interleukin-2 receptor antagonist such as basiliximab is associated with a trend toward a lower incidence of delayed graft function than that with placebo. 20 We found that the incidence and severity of acute rejection were lower in the antithymocyte globulin group than in the basiliximab group. The incidence of biopsy-proven acute rejection among patients who received basiliximab was more than 1.5 times that among those who received antithymocyte globulin, and the severity of rejection was also greater, since the need for antibody treatment was more than 6 times that in the antithymocyte globulin group. These results were achieved even though the dose and duration of antithymocyte globulin therapy were lower than those in previous reports.
The incidences of adverse events and serious adverse events were similar in the two groups, but the types of events differed. The higher initial incidence of leukopenia in the antithymocyte globulin group was anticipated. The white-cell counts in our trial did not distinguish between lymphopenia, which is essential to the efficacy of antithymocyte globulin, and leukopenia, which potentially compromises resistance to infection. Absolute neutrophil counts might have been more useful than white-cell counts in comparing the safety of the two induction agents, because neutrophil counts more accurately predict the risk of infection related to leukopenia. Most centers now reduce the dose of antithymocyte globulin by one half for patients with an absolute neutrophil count of less than 1200 per cubic millimeter and withhold the dose if the absolute neutrophil count is less than 800 per cubic millimeter.
Urinary tract infections were more common among patients in the antithymocyte globulin group than among those in the basiliximab group. Antibiotic prophylaxis was used less frequently in the antithymocyte globulin group than in the basiliximab group. The study design stipulated the use of prophylaxis against CMV disease for the first 3 months. The incidence of CMV disease was lower in the antithymocyte globulin group than in the basiliximab group, which may have been due to the greater incidence of rejection episodes, and a greater need for antibody therapy to treat rejection, in the basiliximab group. There were more cases of cancer in the antithymocyte globulin group, but not significantly more. A small French, multicenter study compared rabbit antithymocyte globulin and basiliximab in patients at low risk for acute rejection or delayed graft function (50 patients per group). 21 Rabbit antithymocyte globulin was not administered intraoperatively in that study, but there was a trend toward a lower incidence of delayed graft function in the antithymocyte globulin group (6%) than in the basiliximab group (14%), though no significant differences were seen in the incidence of acute rejection. In that study, 94% of patients receiving rabbit antithymocyte globulin did not receive cyclosporine until after day 6, whereas all patients receiving basiliximab started receiving cyclosporine on day 0 or day 1, which may constitute a selection bias. No antiviral prophylaxis was used, but the incidences of clinical CMV disease in the antithymocyte globulin group (12%) and the basiliximab group (6%) did not differ significantly.
A French study at three centers compared rabbit antithymocyte globulin (in 53 patients) and basiliximab (in 52 patients); all the patients were at low risk for acute rejection and delayed graft function and were undergoing a standard maintenance regimen of cyclosporine, mycophenolate mofetil, and corticosteroids. 22 In that study, rabbit antithymocyte globulin was not used intraoperatively. There was no significant difference between the antithymocyte globulin group and the basiliximab group in the incidence of delayed graft function (30.2% and 28.8%, respectively) or acute rejection (9.4% and 9.6%, respectively). No specific prophylaxis against CMV disease was used. Cytomegalovirus infection was more common in the rabbit antithymocyte globulin group than in the basiliximab group (41.5% vs. 21.2% of patients).
Our study has certain limitations. It was not a blinded trial; the identity of the induction agent could be deduced from the lymphopenia that occurs with rabbit antithymocyte globulin. However, the treatment assignments were randomized at an independent center. We do not believe that the lack of blinding influenced the study, since the end points were objective and did not involve subjective interpretation.
In conclusion, our study, which was relatively large, compared induction therapy with rabbit antithymocyte polyclonal antibody and induction therapy with basiliximab, an interleukin-2 receptor antagonist, in patients at high risk for acute rejection or delayed graft function who received a renal transplant from a deceased donor. Intraoperative use of antithymocyte globulin did not lower the incidence of delayed graft function in this high-risk population but did reduce the incidence and severity of acute rejection.
